We show that the diffraction of electromagnetic radiation (in particular of a visible light) can disappear in propagation through materials with periodically in space modulated refraction index, i.e. through photonic crystals.
INTRODUCTION
Photonic crystals, i.e. the materials with refraction index periodically modulated in space on a wavelength scale are well known to modify the properties of light propagation [1] . It is well known nowadays that the photonic crystals can introduce photonic band-gaps in radiation spectra, i.e. they can serve as light conductors or insulators [2] . Photonic crystals also can modify the dispersion of the light, i.e. they can significantly reduce its group velocity [3] . We show that photonic crystals can also modify the diffraction of the light in that the diffraction can vanish in propagation through particularly prepared photonic crystals.
MODEL
We consider a two-dimensional profile of refraction index modulation in longitudinal (z) and transverse (x) direction:
resulting in a harmonic photonic crystal with crystallographic axes
We investigate the propagation of light beams in z direction using paraxial approximation:
MODE EXPANSION
We perform first an analytical study of the propagation of the plane waves, by expanding the electromagnetic field into a set of spatially harmonic modes,
. respectively. This results in a system of coupled equation for the amplitudes of harmonics:
The solvability condition allows the calculation of propagation eigenvectors II k of the field eigenmodes (Bloch modes) depending on the transverse wave-vector ⊥ k , which is the spatial dispersion relation. The analysis shows that the curvature (second derivative) of the spatial dispersion vanishes to zero at some areas in parameter space spanned by normalized modulation amplitude . The zero diffraction curve calculated numerically by expansion in spatial harmonics is given in Fig.1. ICTON 
NUMERICAL RESULTS
Next we check the nondifractive propagation as predicted by mode expansion by a direct numerical integration of the wave equation (2). Fig.2 . shows a nondifractive propagation of narrow light beam for the parameters corresponding to the zero diffraction line in Fig.1 . Whereas the beam in a free propagation broadens significantly (a), it remains well focussed in propagation through photonic crystal (b). What is propagating without diffractive broadening is not the envelope of the beam, but rather the envelope of the Bloch mode (e).
Fig. 2. Diffractive (a) and nondiffractive (b) propagation of a Gaussian beam obtained by numerical integration of wave propagation equation (2). The calculation parameters correspond to the point (f,Q || ) = (0.28, 0.57) in Fig.4. c) and d) show initial and final envelopes of the beam (intensity), and e) shows a magnified area from b).
The We evaluate the parameters of nondifractive propagation, i.e. the minimum width of the nondiffractive beam. We show that the limiting factor is the fourth order diffraction (fourth order derivative with respect to spatial coordinate) on the zero diffraction curve. This fourth order diffraction results in extremely weak broadening of the beam, which, according to our evaluation [4] is:
APPLICATIONS
We point out the possibilities of designing nondiffractive communication lines, capable of transferring spatial patterns on the modulation of micron scale without diffractive smearing. Fig.3 . shows an example of nondifractive communication of a symbolic pattern, evidencing the applicability of the phenomenon in optical and micro-optical technologies. The other parameters are as in Fig. 2 .
CONCLUSIONS
Concluding, we demonstrate and analyse the nondifractive propagation of light in linear photonic crystals. We also extend and generalize our work to: 1) Light propagation in nonlinear photonic crystals, i.e. photonic crystals with additional Kerr type media, or equivalently in Bose-Einstein condensates in periodic lattices. We show spatial solitons of extremely small spatial (transverse) size propagating in such system [5] ; 2) Pattern and soliton formation in nonlinear photonic crystal resonators, i.e. the planar resonators filled with photonic crystals: we show that such resonators support beams and patterns of extremely small spatial scale [6] ; 3) Pulse propagation in nonlinear photonic crystals in the vicinity of the zero-diffraction point. We show that Gaussian pulses due to nonzero width of their spectrum spread weakly in space and time during the propagation. We also find the family of nonspreading pulses, propagating invariantly in the vicinity of the zero diffraction point of photonic crystals [7] .
